Replacement Sheet 
Sheet 1 of 55 

Appl. No. 10/073,000; Filed: Feb 12, 2002 
Dkt No. 1 689.0260000; Group Unit: 2636 
Inventors: SHANKS et al. 
Tel. No.: 202-371-2600 

For: Method, System and Apparatus for Communicating 
With a RFID Tag Population 

T/55 




Replacement Sheet 
Sheet 2 of 55 

Appl. No. 10/073,000; Filed: Feb 12, 2002 
Dkt No. 1689.0260000; Group Unit: 2636 
Inventors: SHANKS et al. 
Tel. No.: 202-371-2600 

For: Method, System and Apparatus for Communicating 
With a RFID Tag Population 



READER NETWORK/SITE 



2/55 



202a 



x-203a 


\ 




WAN 


' 202b 


APPLICATIONS 




OO] 
TAGS H-102 

FIG. 2 



OO) 
TAGS M02 

OQ3 



Replacement Sheet 
Sheet 3 of 55 

Appl. No. 10/073,000; Filed: Feb 12, 2002 
Dkt No. 1689.0260000; Group Unit: 2636 
Inventors: SHANKS et al. 
Tel. No.: 202-371-2600 

For: Method, System and Apparatus for Communicating 
With a RFID Tag Population 



READER DATA '0' 
— -T s =12.5/Lts— 



3/55 



ligh 



low -- 



|I A= fr. s l 



302 



'cs 



FIG. 3 



TIME 



READER DATA T 
— T s =12.5/js — 



gh 



[— — T„=6>s 



402 



aw -- 



'cs 



FIG. 4 



TIME 



READER DATA 'NULL' 
T s =12.5/zs 



iuW -- 



T c =9.5/js 



502 



•cs 



FIG. 5 



TIME 



Replacement Sheet 
Sheet 4 of 55 

Appl. No. 10/073,000; Filed: Feb 12, 2002 
Dkt No. 1689.0260000; Group Unit: 2636 
Inventors: SHANKS et al. 
Tel. No.: 202-371-2600 

For: Method, System and Apparatus for Communicating 
With a RFID Tag Population 



4/55 



READER BIT '0* WITH TAG BIT '0' 



302 











nn 



T s =12.5/xs 



602 



T C s 

CLOCK 
START 



TAG RESPONSE 
WILL START 
4-5/4S FROM 
CLOCK START 



Q 



2.5 MHz 
BACKSCATTER 
MODULATED 
SUBCARRIER 



TAG RESPONSE 

WILL END 
11,5/*s FROM 
CLOCK START 



FIG. 6 



READER BIT T WITH TAG BIT '0' 




•cs 
CLOCK 
START 



TAG RESPONSE TAG RESPONSE 
WILL START WILL END 
7-6>s FROM 11.5^s FROM 

CLOCK START CLOCK START 



2.5 MHz 
BACKSCATTER 
MODULATED 
SUBCARRIER 



FIG. 7 



Replacement Sheet 
Sheet 5 of 55 

Appl. No. 10/073,000; Filed: Feb 12, 2002 
Dkt No. 1689.0260000; Group Unit: 2636 
Inventors: SHANKS et al. 
Tel. No.: 202-371-2600 

For: Method, System and Apparatus for Communicating 
With a RFID Tag Population 



5/55 



* A » 



READER BIT '0' WITH TAG BIT '1 



302 





TA=3jiis 






mm 



T s =12.5/xs 



Tcs 

CLOCK 
START 



802 



TAG RESPONSE 
WILL START 
4-5/4S FROM 
CLOCK START 



3.75 MHz 
BACKSCATTER 
MODULATED 
SUBCARRIER 



TAG RESPONSE 

WILL END 
11.5/js FROM 
CLOCK START 



FIG. 8 



402 



READER BIT Y WITH TAG BIT '1' 



T s =12.5/is 



Tb=6>s — 



Tcs 

CLOCK 
START 




3.75 MHz 
BACKSCATTER 
MODULATED 
SUBCARRIER 



TAG RESPONSE TAG RESPONSE 
WILL START WILL END 
7-8/xs FROM 1 1 .5ms FROM 
CLOCK START CLOCK START 



FIG. 9 



Replacement Sheet 
Sheet 6 of 55 

Appl. No. 10/073,000; Filed: Feb 12, 2002 
Dkt No. 1689.0260000; Group Unit: 2636 
Inventors: SHANKS et al. 
Tel. No.: 202-371-2600 

For: Method, System and Apparatus for Communicating 

With a RFID Tag Population . l 



6/55 



y-1001 



'-1002 



1023 



\ 



1022~~| 
1 



SAR 



8 

1026 

1_ 



1072 



OATA PROGRAMMING UNIT 
8 jr-1076" 



1020 



1024 



STATE MACHINE 



1028 -nST 
1070 



k-1074 



COUNTER 



103 6-^ |1Q66 



OSCILLATOR 



1042 



5 1 



DIVIDER 



1038 



DIVIDER 

37— 



1064 



'I 



L 



1060b 



1060a -H056a 




RECEIVER 



1030a 



CHARGE 
PUMP 



1052a > 

ilAL 



1032a 



4- 



2 



r> r\ 



/> r\ 



MODULATOR 



L_ 

1061a— 




1004b 



1034a 



1050a— 



1054 



—1056b 



1053 



103^ 

r*- RECEIVER 



I 



,1052b 



CHARGE 
PUMP 



v -1032b 
71 1034b 



MODULATOR 



1050b 



I 

-1061bJ 



1006 




-1004d 



1010b 



FIG. 10 



Replacement Sheet 
Sheet 7 of 55 

Appl. No. 10/073,000; Filed: Feb 12 2002 
Dkt No. 1689.0260000; Group Unit: 2636 
Inventors: SHANKS et al 
Tel. No.: 202-371-2600 

For: Method, System and Apparatus for Communicating 
With a RFID Tag Population 



7/55 



- J 



-1002 



I I 




8 

1026 

1_ 



DATA PROGRAMMING UNIT 



1020 



1024 



1177 



1072 



1028-^9 



—1070 



STATE MACHINE 
1077T 



COUNTER 



1036 ^ \ 1Q66 



0SCIUAT0R 



1042 



DIVIDER 



DIVIDER 
1038 - / 



1064 



U 



1060a 



8^ 



—1056a 




RECEIVER 



1030a 



CHARGE 
PUMP 



1052a 1 9 53 



^1032 



4- 



MODULATOR 



1004a 




l_ 
1061a- 

1004b 



1034a 



1050a— 




RF1 

PAD. 



1180 



ANALOG TO 
DIGITAL 



PWR 
JUS. 



-] 1054 
1—1021 



_J 
I — 1050b 



1004c 



1006 




1010a 



-H|,|,l^j_qpA — 




1104d 



EXTERNAL 
SENSOR 
MATERIAL 



FIG. 1 1 



Replacement Sheet 
Sheet 8 of 55 

Appl. No. 10/073,000; Filed: Feb 12, 2002 
Dkt No. 1689.0260000; Group Unit: 2636 
Inventors: SHANKS et al. 
Tel. No.: 202-371-2600 

For: Method, System and Apparatus for Communicating 
With a RFID Tag Population 

8/55 



1202 




FIG. 1.2A 



Replacement Sheet 
Sheet 9 of 55 

Appl. No. 10/073,000; Filed: Feb 12, 2002 
DktNo. 1689.0260000; Group Unit: 2636 
Inventors: SHANKS et al. 
Tel. No.: 202-371-2600 

For: Method, System and Apparatus for Communicating 
With a RFID Tag Population 



9/55 

MASTER 

RESET 

EVENT 



1220 



gh 



RESET LENGTH 



•cs 



■ov 



FIG.12B 



MASTER 
DORMANT- 
EVENT 



1221 



)W 



RESET LENGTH 



T cs T 0 v 

FIG.12C 



1220- 



MASTER 

RESET 

EVENT 



FORCE 
LOW 
EVENT 









RESET LENGTH m 


. RESET LENGTH . 








Tcs Tov Toyx2 

FIG. 1 2D 



Replacement Sheet 
Sheet 10 of 5 5 

Appl. No. 10/073,000; Filed: Feb 12, 2002 
Dkt No. 1 689.0260000; Group Unit: 2636 
Inventors: SHANKS et al. 
Tel. No.: 202-371-2600 

For: Method, System and Apparatus for Communicating 
With a RF1D Tag Population 




BINARY TRAVERSAL FLOWCHART FROM 10 / 55 
A TAG PERSPECTIVE 



TAG IS IN DORMANT STATE 



1304- 

1306^. 

1307 
1308 



1302 



TAG RECEIVES A MASTER RESET 
SIGNAL FROM THE READER 



TAG BECOMES SYNCHRONIZED WITH 
THE READER 



TAG ENTERS COMMAND MODE H 



U 



TAG DESIGNATES THE FIRST BIT OF ITS 
IDENTIFICATION NUMBER FOR 
TRANSMISSION TO THE READER 



1309 



TAG RECEIVES A 



IRST READER BIT 



FROM THE READER, 0 , AND ENTERS 
TREE TRAVERSAL MODE 



I 



TAG SENDS THE DESIGNATED 
IDENTIFICATION NUMBER BIT TO THE 
READER 



TAGS IN MUTE STATE 




1320^ 



TAG RECEIVES A BIT 
FROM THE READER 



1319 



TAG ENTERS MUTE 
STATE 



TAG RECEIVES A NEXT BIT FROM 
THE READER 




TAG DESIGNATES A NEXT 
BIT OF ITS IDENTIFICATION 
NUMBER TO BE SENT TO 
THE READER 

7 

1324 



Replacement Sheet 
Sheet 11 of 55 

Appl. No. 10/073,000; Filed: Feb 12, 2002 
Dkt No. 1689.0260000; Group Unit: 2636 
Inventors: SHANKS et al. 
Tel. No.: 202-371-2600 

For: Method, System and Apparatus for Communicating 
With a RFID Tag Population 



READ SPECIFIC TAG, READER PERSPECTIVE 11 / 55 




1401 



READER RETRIEVES A TAG IDENTIFICATION 
NUMBER FROM A CONTROLLING HOST 
COMPUTER OR SYSTEM AND PLACES 
IT INTO ITS WORKING REGISTER 



1402 



READER SENDS A MASTER RESET 
SIGNAL THAT CAUSES ALL TAGS WITHIN 
ITS COMMUNICATIONS RANGE TO 
TRANSITION TO CALIBRATION STATE 



1402a 



READER ISSUES CALIBRATIONS 



1403 



READER TRANSMITS A COMMAND 
THAT DIRECTS ALL TAGS WITHIN ITS 
COMMUNICATIONS RANGE TO 
ENTER TREE TRAVERSAL STATE 



1404 



READER DESIGNATES THE FIRST BIT 
TO TRANSMIT AS THE FIRST BIT 
OF THE WORKING REGISTER 



-1405 



READER TRANSMITS THE READER 
BIT TO THE TAG POPULATION 



RESET PATTERN 
ACCUMULATOR 
TO EMPTY 



•1410 



READER RECEIVES 
A SYMBOL FROM 
THE TAG POPULATION 



READER STORES 
BIT INTO 
PATTERN ACCUMULATOR 



1408 



-1411 



1413 




READER SENDS 
OUT LAST 1 
RECEIVED BIT 



READER DESIGNATES THE VALUE 
OF THE NEXT BIT IN ITS WORKING 
REGISTER AS THE READER BIT 



1498 



READER INDICATES 
THAT TAG 
IDENTIFICATION 
NUMBER IS NOT 
WITHIN TAG 
POPULATION 



PIG 14A I READER INDICATES A VERIFICATION RESULT K l 499 



Replacement Sheet 
Sheet 12 of 55 

Appl. No. 10/073,000; Filed: Feb 12, 2002 
Dkt No. 1689.0260000; Group Unit: 2636 
Inventors: SHANKS et al. 
Tel. No.: 202-371-2600 

For: Method, System and Apparatus for Communicating 
With a RFID Tag Population 



START 




READ SPECIFIC TAG, ALT., 12/55 
READER PERSPECTIVE 



READER RETRIEVES A TAG IDENTIFICATION NUMBER 
FROM A CONTROLLING HOST COMPUTER OR SYSTEM 
AND PLACES IT INTO ITS WORKING REGISTER 



■1401 



READER SENDS A MASTER RESET SIGNAL THAT 
CAUSES ALL TAGS WITHIN ITS COMMUNICATIONS 
RANGE TO TRANSITION TO CALIBRATION STATE 



I 



1402 



READER ISSUES CALIBRATIONS ^ 1 402a 



I 



READER TRANSMITS A COMMAND THAT DIRECTS 
ALL TAGS WITHIN ITS COMMUNICATIONS RANGE TO 
ENTER TREE TRAVERSAL STATE 



"^-1403 



READER DESIGNATES THE FIRST BIT TO TRANSMIT AS 
THE FIRST BIT OF THE WORKING REGISTER 



READER TRANSMITS THE READER BIT TO 
THE TAG POPULATION 



READER RECEIVES A SYMBOL FROM THE 
TAG POPULATION 





READER INDICATES THAT TAG 
INDENTIFICATION NUMBER IS NOT 
WITHIN TAG POPULATION 



1498 



READER INDICATES A 
VERIFICATION RESULT 



1499 



READER DESIGNATES THE VALUE OF THE 
NEXT BIT IN ITS WORKING REGISTER AS 
THE READER BIT 



■1407 



FIG.14B 



Replacement Sheet 
Sheet 13 of 55 

Appl. No. 10/073,000; Filed: Feb 12, 2002 
Dkt No. 1689.0260000; Group Unit: 2636 
Inventors: SHANKS et al. 
Tel. No.: 202-371-2600 

For: Method, System and Apparatus for Communicating 
With a RFID Tag Population 

13/55 

READ ALL TAGS, READER PERSPECTIVES 



START 




READER SENDS A MASTER RESET SIGNAL, WHICH 
CAUSES ALL TAGS WITHIN ITS COMMUNICATIONS 
RANGE TO TRANSITION INTO CALIBRATION STATE 



•1501 



I 



READER ENGAGES IN CALIBRATION PROCEDURES 
WITH TAGS 



I 



1502 



READER DESIGNATES BIT TO SEND AS BINARY 
TRAVERSAL COMMAND 

I 



1526 



READER TRANSMITS A 
NULL SYMBOL 



1503 



1524 



READER SENDS TAG ID TO 
HOST 

— n 



READER CLEARS ITS WORKING REGISTER K-1504 



I 



READER TRANSMITS THE READER BIT fc ^gy 



READER RECEIVES RESPONSES AND 
STORES STRONGEST SIGNAL 



1508 




1515 




READER ACCUMULATES 
READER BIT INTO 
WORKING REGISTER 



I 



SET READER BIT TO 0 | 



1512 15 16 

SET READER BIT TO 1 |- 



READER INFORMS HOST THAT 
INTERROGATION IS COMPLETE 



■1522 



FIG.15A 



Replacement Sheet 
Sheet 14 of 55 

Appl. No. 10/073,000; Filed: Feb 12 2002 
Dkt No. 1689.0260000; Group Unit 2636 
Inventors: SHANKS et al. 
Tel. No.: 202-371-2600 

For: Method, System and Apparatus for Communicating 
With a RFID Tag Population 



START) read all tags, alt., reader perspective 14 ' 55 




READER SENDS A MASTER RESET SIGNAL, WHICH 
CAUSES ALL TAGS WITHIN ITS COMMUNICATIONS 
RANGE TO TRANSITION INTO CALIBRATION STATE 

i — : 



•1501 



READER ENGAGES IN CALIBRATION PROCEDURES 
WITH TAGS 



I 



1502 



READER DESIGNATES BIT TO SEND AS BINARY 
TRAVERSAL COMMAND 



I 



1526 



READER TRANSMITS A 
NULL SYMBOL 



I 



•1503 



READER SENDS TAG ID TO 
HOST 



READER CLEARS ITS WORKING REGISTER K .1S04 



READER TRANSMITS THE READER BIT 



I 



k 



READER RECEIVES RESPONSES 



1507 
1508 





1518- 



READER ACCUMULATES 
READER BIT INTO 
WORKING REGISTER 



I 



SET READER BIT TO 0 | 



7 

1512 



1516 

Z 



SET READER BIT TO 1 | - 



READER INFORMS HOST THAT 
INTERROGATION IS COMPLETE 



1522 



FIG.15B 



Replacement Sheet 
Sheet 15 of 5 5 

Appl. No. 10/073,000; Filed: Feb 12, 2002 
Dkt No. 1689.0260000; Group Unit: 2636 
Inventors: SHANKS et al. 
Tel. No.: 202-371-2600 

For: Method, System and Apparatus for Communicating 
With a RFID Tag Population 



15/55 



BINARY TRAVERAL PATHS AND TREE FOR A 3-BIT TAG POPULATION 



1601,1605,1609 



ROOT/START 



T 



•o 1 



>1606,1610 



T 



'0* 



'1603 



'1607 



*10' 



1611 



'11* 



t'4 * 



'000' 



•oof 



'010* 



•on' 



NO TAG NO TAG NO TAG | 



1604 /1608 



1612 



'100' 

T 



'101 



'110' 



•111* 



TAG 102a TAG 102b 



NO TAG f NO TAG 
TAG 102C 



FIG. 16 



Replacement Sheet 
Sheet 16 of 55 

Appl. No. 10/073,000; Filed: Feb 12, 2002 
DktNo. 1689.0260000; Group Unit: 2636 
Inventors: SHANKS et al. 
Tel. No.: 202-371-2600 

For: Method, System and Apparatus for Communicating 
With a RFID Tag Population 




16/55 



TAG IS IN DORMANT STATE k 

I ^ -1702 



TAG RECEIVES A MASTER RESET 
SIGNAL FROM THE READER 



I 



TAG BECOMES SYNCHRONIZED WITH 
THE READER 



I 



•1704 



•1706 



TAG RECEIVES A COMMAND FROM THE 
READER TO ENTER SUPERPOSITION 
STATE 



•1708 



TAG DESIGNATES AN INITIAL BIT OF ITS 
IDENTIFICATION NUMBER FOR 
TRANSMISSION TO THE READER 



TAG RECEIVES A SYMBOL FROM 
THE READER 



1710 



1712 




> YES r 


TAG RETURNS TO ! 




COMMAND STATE 



7 

1720 



TAG SENDS DESIGNATED BIT 
TO READER 



•1719 



TAG DESIGNATES A NEXT IDENTIFICATION 
NUMBER BIT 



1722 FIG.17A 



Replacement Sheet 
Sheet 17 of 55 

Appl. No. 10/073,000; Filed: Feb 12, 2002 
Dkt No. 1689.0260000; Group Unit: 2636 
Inventors: SHANKS et al. 
Tel. No.: 202-371-2600 

For: Method, System and Apparatus for Communicating 
With a RFID Tag Population 




17/55 



1750 
; 



READER SETS A MASTER RESET SIGNAL, WHICH 
CAUSES ALL TAGS WITHIN ITS COMMUNICATIONS 
RANGE TO TRANSITION INTO CALIBRATION STATE 



—1752 



READER TRANSMITS A COMMAND THAT DIRECTS THE 
TAGS WITHIN ITS COMMUNICATIONS RANGE TO ENTER 
SUPERPOSITION STATE 



—1753 



1768 



READER DESIGNATES AN INITIAL BIT POSITION 



K 1762 



1760 

/ 

I 
\ 



READER TRANSMITS A 



READER DESIGNATES 
A NEXT BIT POSITION 




]— 1764 



READER MARKS 
DESIGNATED BIT AS 
CONTAINING '0' BITS 



J 



1766 



I 



READER INITIALIZES TAG POPULATION IN 
SUPERPOSITION MODE 



r 



—1770 



1780 



__.Z___ 



READER DESIGNATES AN INITIAL BIT POSITION r — 1782 



1788 



I 



READER TRANSMITS A 1 BIT 



READER DESIGNATES 
A NEXT BIT POSITION 



FIG.17B 




j — -1784 



READER MARKS 
DESIGNATED BIT AS 
CONTAINING '1' BITS 



1786 



___J 



READER DETERMINES THE NUMBER OF BITS 
REQUIRED FOR INTERROGATION 



—1790 



Replacement Sheet 
Sheet 18 of 5 5 

Appl. No. 10/073,000; Filed: Feb 12, 2002 
Dkt No. 1689.0260000; Group Unit: 2636 
Inventors: SHANKS et al. 
Tel. No.: 202-371-2600 

For: Method, System and Apparatus for Communicating 
With a RFID Tag Population 



18/55 



1026 




MASTER CLOCK SIGNAL 
1062 



r»-BrT CONTROL WORD 1070 



FIG. 18 




1066 



1064 



n-BIT CONTROL WORD 1070 



FIG. 19 



Replacement Sheet 
Sheet 19 of 5 5 

Appl. No. 10/073,000; Filed: Feb 12, 2002 
DktNo. 1689.0260000; Group Unit: 2636 
Inventors: SHANKS et al. 
Tel. No.: 202-371-2600 

For: Method, System and Apparatus for Communicating 
With a RFID Tag Population 



19/55 



1026 

V 



1 



2004- 



FEEDBACK 
LOGIC 



2002 
_i_ 



REFERENCE 
LOGIC 



2010 



2012 



2008 




1062 



2006- 



FREQUENCY ADJUSTMENT 
BANK 



I 



I 



n-BIT CONTROL WORD 1070 



FIG. 20 



1023 



1026 



Replacement Sheet 
Sheet 20 of 55 

Appl. No. 10/073,000; Filed: Feb 12, 2002 
Dkt No. 1689.0260000; Group Unit: 2636 
Inventors: SHANKS et al. 
Tel. No.: 202-371-2600 

For: Method, System and Apparatus for Communicating 
With a RFID Tag Population 



20/55 



0SCILWT0R 



1070 



1022 



SAR 



1074 



COUNTER 



MASTER 
CLOCK SIGNAL 
1062 



1028 



2100 



FIG.21A 



1023 



1026 



1070 



1022 



OSCILLATOR 



SAR 



INPUT SIGNAL 
2100^ 



1036 




1066 



1074 



BIT 8 
1072 



COUNTER 



7 



FIG.21B 



1028 



Replacement Sheet 
Sheet 21 of 55 

AppL No. 10/073,000; Filed: Feb 12, 2002 
Dkt No. 1689.0260000; Group Unit: 2636 
Inventors: SHANKS et al. 
Tel. No.: 202-371-2600 

For: ^X£ tus 



CM 
O 



O 

o 



CM 
O 



21/55 



UNTER • 






8 







o 
o 



o 

I 

CD 



o 



8 




Replacement Sheet 
Sheet 22 of 55 

Appl. No. 10/073,000; Filed: Feb 12, 2002 
Dkt No. 1689.0260000; Group Unit: 2636 
Inventors: SHANKS et al. 
Tel. No.: 202-371-2600 

For: Method, System and Apparatus for Communicating 
With a RFID Tag Population 

22/55 



PHYSICAL IMPLEMENTATION OF ADJUSTABLE CAPACITOR BANK 



2006 



PHASE 
RESET 
2182 



H 



FALLING 
EDGE 
DETECTOR 



2180 



.-2110 



2184 



INPUT SIGNAL 
— 2100 



2112a 
2 V 



1070a 

rL k "o 

^21 14a 



2012 



2112b 
2 V 



1070b 
^21 14b 



2112n 



1070n 
^2114n 



FIG. 21 D 



2100 



2202 



Replacement Sheet 
Sheet 23 of 55 

Appl. No. 10/073,000; Filed: Feb 12, 2002 
Dkt No. 1689.0260000; Group Unit: 2636 
Inventors: SHANKS et al. 
Tel. No.: 202-371-2600 

For: Method, System and Apparatus for Communicating 
With a RFID Tag Population 



TEST 2206 



23/55 



2 N CYCLES 
■OF FIRST CLOCK- 
SIGNAL 1066 



FIG. 22A 



2204 



2100 



TEST TEST TEST TEST TEST TEST TEST TEST 
"X 2206 2208 2210 2212 2214 2216 2218 2220 



n 



n n_n 



jr_n_n 
t t t 

TIME TIME TIME TIME TIME TIME TIME TIME TIME 
2202 2204 2222 2224 2226 2228 2230 2232 2234 

FIG.22B 



COUNT WORD 
1074 



011100110 

I 

BIT 8 

FIG. 23A 



CONTROL WORD 
1070 



1 0 1 0 0 0 10 



BIT 7 



BIT 5 



BIT 3 



BIT 1 



BIT 6 BIT 4 BIT 2 BIT 0 



FIG.23B 



Replacement Sheet 
Sheet 24 of 55 

Appl. No. 10/073,000; Filed: Feb 12, 2002 
Dkt No. 1689.0260000; Group Unit: 2636 
Inventors: SHANKS et al. 
Tel. No.: 202-371-2600 

For: Method, System and Apparatus for Communicating 
With a RFID Tag Population 

24/55 



1022 



N— BIT CONTROL WORD 1070 



r 



2402 



N BIT REGISTER BANK 



BIT 8 OF 
COUNT WORD 
1074 — 



2406 



LOGIC/STATE _ 24Q4 
MACHINE M ^ 



INPUT SIGNAL 
2100 — 



J 



FIG. 24 



Replacement Sheet 
Sheet 25 of 5 5 

Appl. No. 10/073,000; Filed: Feb 12, 2002 
Dkt No. 1689.0260000; Group Unit: 2636 
Inventors: SHANKS et al. 
Tel. No.: 202-371-2600 

For: Method, System and Apparatus for Communicating 
With a RFID Tag Population 



25/55 




A COUNT WORD IS INCREMENTED AFTER EACH CYCLE OF THE CLOCK SIGNAL 
THAT OCCURS DURING A CALIBRATION CYCLE OF THE INPUT SIGNAL 



2504 



THE OSCILLATOR FREQUENCY IS ADJUSTED BASED UPON THE 
COUNT WORD AFTER COMPLETION OF STEP 2502 



FIG.25A 



2502 



A COUNT WORD IS INCREMENTED AFTER EACH CYCLE OF THE CLOCK SIGNAL 
THAT OCCURS DURING A CALIBRATION CYCLE OF THE INPUT SIGNAL 



2504 



THE OSCILLATOR FREQUENCY IS ADJUSTED BASED UPON THE 
COUNT WORD AFTER COMPLETION OF STEP 2502 



2506 



THE COUNT WORD IS CLEARED 



2508 



STEPS (a)-(c) ARE REPEATED N TIMES FOR SUBSEQUENT 
CORRESPONDING CYCLES OF THE INPUT SIGNAL, WHEREIN N IS 
EQUAL TO THE NUMBER OF BITS OF THE CONTROL WORD 



FIG.25B 



Replacement Sheet 
Sheet 26 of 55 

Appl. No. 10/073,000; Filed: Feb 12, 2002 
Dkt No. 1689.0260000; Group Unit: 2636 
Inventors: SHANKS et al. 
Tel. No.: 202-371-2600 

For: Method, System and Apparatus for Communicating 
With a RFID Tag Population 

26/55 



2502 



A COUNT WORD IS INCREMENTED AFTER EACH CYCLE OF THE CLOCK SIGNAL 
THAT OCCURS DURING A CALIBRATION CYCLE OF THE INPUT SIGNAL 




2504 



THE OSCILLATOR FREQUENCY IS ADJUSTED BASED UPON THE 
COUNT WORD AFTER COMPLETION OF STEP 2502 



2510 



EACH CALIBRATION CYCLE OF THE INPUT SIGNAL FOLLOWED WITH 
A SEPARATION CYCLE ON THE INPUT SIGNAL 



FIG.25C 



Replacement Sheet 
Sheet 27 of 55 

Appl. No. 10/073,000; Filed: Feb 12, 2002 
DktNo. 1689.0260000; Group Unit: 2636 
Inventors: SHANKS et al. 
Tel. No.: 202-371-2600 

For: Method, System and Apparatus for Communicating 
With a RFID Tag Population 



27/55 



NO. 



START 
CLEAR SAR 

( n i>m=0) 
m=0 

SET m=0 



b =1 
m 



COUNT N 
FOR TIME 



2522 



•2524 



•2526 




2530 



m=n-1? 



2532 
JES 




FIG.25D 



Replacement Sheet 
Sheet 28 of 55 

Appl. No. 10/073,000; Filed: Feb 12, 2002 
Dkt No. 1689.0260000; Group Unit: 2636 
Inventors: SHANKS et al. 
Tel. No.: 202-371-2600 

For: Method, System and Apparatus for Communicating 
With a RFID Tag Population 

28/55 




1 1 

« I t 



2614 2616 2618 



FIG.26A 



Replacement Sheet 
Sheet 29 of 55 

Appl. No. 10/073,000; Filed: Feb 12, 2002 
Dkt No. 1689.0260000; Group Unit: 2636 
Inventors: SHANKS et al. 
Tel. No.: 202-371-2600 

For: Method, System and Apparatus for Communicating 
With a RFID Tag Population 

29/55 



8 




CO 
Cvj 

CD 



Replacement Sheet 
Sheet 30 of 5 5 

Appl. No. 10/073,000; Filed: Feb 12, 2002 
Dkt No. 1689.0260000; Group Unit: 2636 
Inventors: SHANKS et al. 
Tel. No.: 202-371-2600 

For: Method, System and Apparatus for Communicating 
With a RFID Tag Population 



2700 



30/55 




2708 



FIRST CLOCK 
1066 



TO 




T1 




T2 


REGISTER 




REGISTER 




REGISTER 



2710 



DATA DETECTION 
LOGIC 



Z 



2714 



TO 




T1 


FLAG 




FLAG 



2718 
-2716 



FIG.27 



Replacement Sheet 
Sheet 31 of 55 

Appl. No. 10/073,000; Filed: Feb 12, 2002 
Dkt No. 1689.0260000; Group Unit: 2636 
Inventors: SHANKS et al. 
Tel. No.: 202-371-2600 

For: Method, System and Apparatus for Communicating 
With a RFID Tag Population 



31/55 



2800 



A FIRST CALIBRATION PULSE IS RECEIVED ON AN INPUT SIGNAL 



A LENGTH OF THE RECEIVED FIRST CALIBRATION PULSE IS STORED 



A SECOND CALIBRATION PULSE IS RECEIVED ON THE INPUT SIGNAL 



A LENGTH OF THE RECEIVED SECOND CALIBRATION PULSE IS STORED 



2802 

2804 
2806 

2808 



FIG.28A 



Replacement Sheet 
Sheet 32 of 5 5 

Appl. No. 10/073,000; Filed: Feb 12, 2002 
Dkt No. 1689.0260000; Group Unit: 2636 
Inventors: SHANKS et al. 
Tel. No.: 202-371-2600 

For: Method, System and Apparatus for Communicating 
With a RFID Tag Population 



32/55 



2800 



2810 



FROM FLOWCHART 2800 



A DATA SYMBOL HAVING A PULSE PORTION IS RECEIVED ON THE INPUT 
SIGNAL, WHEREIN THE PULSE PORTION HAS A LENGTH 



2812 



A FIRST FLAG IS SET IF THE LENGTH OF THE PULSE PORTION IS GREATER THAN 
OR EQUAL TO THE STORED LENGTH OF THE FIRST CALIBRATION PULSE 



2814 



A SECOND FLAG IS SET IF THE LENGTH OF THE PULSE PORTION IS GREATER THAN 
OR EQUAL TO THE STORED LENGTH OF THE SECOND CALIBRATION PULSE 



2816 



THE DATA SYMBOL IS DETERMINED TO BE A FIRST LOGICAL VALUE IF THE 
FIRST FLAG IS NOT SET DURING STEP 2812 



2818 



THE DATA SYMBOL IS DETERMINED TO BE A SECOND LOGICAL VALUE IF 
THE FIRST FLAG IS SET AND THE SECOND FLAG IS NOT SET 



2820 



THE DATA SYMBOL IS DETERMINED TO BE A THIRD LOGICAL VALUE IF THE 
FIRST FLAG IS SET AND THE SECOND FLAG IS SET 



2822 



THE FIRST LOGICAL VALUE IS DEFINED AS A LOGICAL 1 BIT 



2824 



THE SECOND LOGICAL VALUE IS DEFINED AS A LOGICAL 0 BIT 



2826 



THE THIRD LOGICAL VALUE IS DEFINED AS A LOGICAL NULL BIT 



FIG.28B 



Replacement Sheet 
Sheet 33 of 55 

Appl. No. 10/073,000; Filed: Feb 12, 2002 
Dkt No. 1689.0260000; Group Unit: 2636 
Inventors: SHANKS et al. 
Tel. No.: 202-371-2600 

For: Method, System and Apparatus for Communicating 
With a RFID Tag Population 



33/55 



2828 



FROM FLOWCHART 2800 



2830 



A DATA SYMBOL THAT HAS A PULSE PORTION IS RECEIVED ON THE INPUT 
SIGNAL, WHEREIN THE PULSE PORTION HAS A LENGTH 



THE DATA SYMBOL IS DETERMINED TO BE A FIRST LOGICAL VALUE IF THE LENGTH OF THE 
PULSE PORTION IS LESS THAN THE STORED LENGTH OF THE FIRST CALIBRATION PULSE 







2832 



2834 



THE DATA SYMBOL IS DETERMINED TO BE A SECOND LOGICAL VALUE IF THE LENGTH OF 
THE PULSE PORTION IS GREATER THAN OR EQUAL TO THE STORED LENGTH OF THE FIRST 
PULSE AND LESS THAN THE STORED LENGTH OF THE SECOND CALIBRATION PULSE 



THE DATA SYMBOL IS DETERMINED TO BE A THIRD LOGICAL VALUE IF THE LENGTH OF THE 
PULSE PORTION IS GREATER THAN THE STORED LENGTH 
OF THE SECOND CALIBRATION PULSE 



FIG.28C 



Replacement Sheet 
Sheet 34 of 55 

Appl. No. 10/073,000; Filed: Feb 12, 2002 
Dkt No. 1689.0260000; Group Unit: 2636 
Inventors: SHANKS et al. 
Tel. No.: 202-371-2600 

For: Method, System and Apparatus for Communicating 
With a RFID Tag Population 



34/55 



FROM FLOWCHART 2800 

2836 



A THIRD CALIBRATION PULSE IS RECEIVED ON THE INPUT SIGNAL 



2838 



A LENGTH OF THE RECEIVED THIRD CALIBRATION PULSE IS STORED 



FIG.28D 



Replacement Sheet 
Sheet 35 of 55 

Appl. No. 10/073,000; Filed: Feb 12, 2002 
Dkt No. 1689.0260000; Group Unit: 2636 
Inventors: SHANKS et al. 
Tel. No.: 202-371-2600 

For: Method, System and Apparatus for Communicating 
With a RFID Tag Population 



RESET T0J1 FLAGS 



2850 



PULSE RECEIVED FROM READER 



CLOCK 



1 



2852 



SIGNAL 


COUNTER FOR LENGTH OF PULSE 


^^2854 


1062, 




1066 








STORE COUNTER IN TcoUNT 


^2856 



NO 




2858 



SET T 0 FLAG 



NO 




2860 



2862 



SET Tj FLAG 



2864 



FIG.28E ^SIGNAL -"0 




35/55 
2800 



2868 

Z 



H T SIGNAL ="NUa" 



2872 



2874 
d 



L 



T SIGNAL = 1 



2876 

i 



RETURN TsiGNAL 
TO LOGIC 



Replacement Sheet 
Sheet 36 of 55 

Appl. No. 10/073,000; Filed: Feb 12, 2002 
Dkt No. 1689.0260000; Group Unit: 2636 
Inventors: SHANKS et al. 
Tel. No.: 202-371-2600 

For: Method, System and Apparatus for Communicating 
With a RFID Tag Population 

36/55 




Replacement Sheet 
Sheet 37 of 55 

Appl. No. 10/073,000; Filed: Feb 12, 2002 
Dkt No. 1689.0260000; Group Unit: 2636 
Inventors: SHANKS et al. 
Tel. No.: 202-371-2600 

For: Method, System and Apparatus for Communicating 
With a RFID Tag Population 

37/55 



r 



TEST 2900 

a 



2100 



2902 



2904 2906 



I 

2202 



1_ 



( 



2908 
2204 2910 



FIG.29 



Replacement Sheet 
Sheet 38 of 55 

Appl. No. 10/073,000; Filed: Feb 12, 2002 
Dkt No. 1689.0260000; Group Unit: 2636 
Inventors: SHANKS et al. 
Tel. No.: 202-371-2600 

For: Method, System and Apparatus for Communicating 
With a RFID Tag Population 



38/55 



o 
o 




Replacement Sheet 
Sheet 39 of 55 

Appl. No. 10/073,000; Filed: Feb 12, 2002 
DktNo. 1689.0260000; Group Unit: 2636 
Inventors: SHANKS et al. 
Tel. No.: 202-371-2600 

For: Method, System and Apparatus for Communicating 
With a RFID Tag Population 



39/55 



ro 



ro _ 



s 



ro 



o 
Pi 

2^ 



r 



L 



ro 



\ 



o , 
ro 



a- 



co ro 



ro 



ro 

ro 



ro 



ro 



CNI 



5 " 

g -5 



ro 



o 

ro 



~i 



Replacement Sheet 
Sheet 40 of 55 

Appl. No. 10/073,000; Filed: Feb 12, 2002 
DktNo. 1689.0260000; Group Unit: 2636 
Inventors: SHANKS et al. 
Tel. No.: 202-371-2600 

For: Method, System and Apparatus for Communicating 
With a RFID Tag Population 



3110 



40/55 




Vtho 



FIG.32A 



r B1 



3104 



VTH1 



V TH1< V TH0 



FIG.32B 



'B2 



T 



3108 




VTH2 
V TH2> V TH0 



X 



FIG.32C 



Replacement Sheet 
Sheet 41 of 55 

Appl. No. 10/073,000; Filed: Feb 12, 2002 
Dkt No. 1689.0260000; Group Unit: 2636 
Inventors: SHANKS et al. 
Tel. No.: 202-371-2600 

For: Method, System and Apparatus for Communicating 
With a RFID Tag Population 

41/55 



V 3302 




RF POWER 

FIG.33A 




FIG.33B 



r 



3 



L.. 

r 



o 

CN4 



L. 

r 



CVI 

o 



L. 

r 



Replacement Sheet 
Sheet 42 of 55 

Appl. No. 10/073,000; Filed: Feb 12, 2002 
Dkt No. 1689.0260000; Group Unit: 2636 
Inventors: SHANKS et al. 
Tel. No.: 202-371-2600 

For: Method, System and Apparatus for Communicating 
With a RFID Tag Population 



42/55 



"1 



s 



KH 



1 



f 1 



KH 



KH 



KH 
I- 



o 



KH- 



I i?. ■ 1..L.J : 



j 
1 



J 
1 



J 
1 



J 



CD 



Replacement Sheet 
Sheet 43 of 55 

Appl. No. 10/073,000; Filed: Feb 12, 2002 
DktNo. 1689.0260000; Group Unit: 2636 
Inventors: SHANKS et al. 
Tel. No.: 202-371-2600 

For: Method, System and Apparatus for Communicating 
With a RFID Tag Population 



43/55 



r: 



s 



L. 

n 



LI 

r 



csi 
CD 

roN 



L. 

r 



s 



ss 

OQ' 
ro ro 

4 



KH 



"~l 



Csl 



-e 



<_> o 

CO CO 

ro ro 

4 



KH 



j— li Y \ \ 



KH 



CO CO 



ro fO^r 



4? 

9 



F 1 



KH 



¥LJ?LJ? 



IS \ N ^ 



KH « 
H 



r KH 



L... 



S v \ \ 

KH" i i j 



ro 



J 

i 



j 
i 



ro 



.J 



..J 

sir 



Replacement Sheet 
Sheet 44 of 55 

Appl. No. 10/073,000; Filed: Feb 12, 2002 
Dkt No. 1689.0260000; Group Unit: 2636 
Inventors: SHANKS et al. 
Tel. No.: 202-371-2600 

For: Method, System and Apparatus for Communicating 
With a RFID Tag Population 

44/55 







3500 




1 • D 






• B 






• S 





FIG.35A 

3500 



0 G S B 




ZERO BIASED 
DEPLETION 
REGION 



FIG.35B 



Replacement Sheet 
Sheet 45 of 55 

Appl. No. 10/073,000; Filed: Feb 12, 2002 
Dkt No. 1689.0260000; Group Unit:'2636 
Inventors: SHANKS et al. 
Tel. No.: 202-371-2600 

For: Method, System and Apparatus for Communicating 
With a RFID Tag Population 







9+V 

T 








1 — - 


» D 




> — 


KM 


t B 


G 


1 — • 


» s 











FIG.36A 



3600 



45/55 



3600 



+V 




CONDUCTIVE 
"CHANNEL" 3602 



3512 



3508 



P+ 

N0N-C0NDUCTIVE 
DEPLETION REGION 
3604 



FIG.36B 



3600 



-V- 



3502 



GATE 3 503 
0XIHF ) 3504 




k ) 35C 



8 



506 



FORWARD BIASED 
DIODE JUNCTION 3606 



" J p- 

3512 



3508 




P+ 

CURRENT FLOW 



FIG.36C 



Replacement Sheet 
Sheet 46 of 5 5 

Appl. No. 10/073,000; Filed: Feb 12, 2002 
DktNo. 1689.0260000; Group Unit: 2636 
Inventors: SHANKS et al. 
Tel. No.: 202-371-2600 

For: Method, System and Apparatus for Communicating 
With a RFID Tag Population 




3700 



46/55 



FIG.37A 



3700 



+V 



B 



3508 



3502 




CONDUCTIVE 
"CHANNEL" 
G s INVERSION 3702 

GATE T 3503 



3512 



•3506 




FORWARD BIASED 
DIODE JUNCTION 3704 



FIG.37B 



3700 




FIG.37C 



Replacement Sheet 
Sheet 47 of 55 

Appl. No. 10/073,000; Filed: Feb 12, 2002 
Dkt No. 1689.0260000; Group Unit: 2636 
Inventors: SHANKS et al. 
Tel. No.: 202-371-2600 

For: Method, System and Apparatus for Communicating 
With a RFID Tag Population 



I 







/^3802 


V 


'B 


U- — - 




r- 





FIG.38A 



I 







A^.3804 


V 


PN 


\ - 




r 





FIG.38B 



I 







h-3806 


V 


B 


— A - 


— H 


/ 


VTH 



FIG.38C 



Replacement Sheet 
Sheet 48 of 55 

Appl. No. 10/073,000; Filed: Feb 12, 2002 
Dkt No. 1689.0260000; Group Unit: 2636 
Inventors: SHANKS et al. 
Tel. No.: 202-371-2600 

For: Method, System and Apparatus for Communicating 
With a RFID Tag Population 





3902 



X 




3904 



V 





Replacement Sheet 
Sheet 49 of 55 

Appl. No. 10/073,000; Filed: Feb 12, 2002 
Dkt No. 1689.0260000; Group Unit: 2636 
Inventors: SHANKS et al. 
Tel. No.: 202-371-2600 

For: Method, System and Apparatus for Communicating 
With a RFID Tag Population 



8. 49/55 




Replacement Sheet 
Sheet 50 of 5 5 

Appl. No. 10/073,000; Filed: Feb 12, 2002 
Dkt No. 1689.0260000; Group Unit: 2636 
Inventors: SHANKS et al. 
Tel. No.: 202-371-2600 

For: Method, System and Apparatus for Communicating 
With a RFID Tag Population 



8 50/55 



r 



KH 



L. 

r: 



HKHS 



•ON 



o 
to 

(l 



i 



V v \ 

I 

5 



p 3 - 



KH 



L.. 

r" 



Pi A \ N 



KH 



Kh 



L. 

r 



CM 
I 



cr 
I 



^51 



KH 



<3 



L. 



a. 1 



J 
1 



J 
1 



J 

1 



J 



Replacement Sheet 
Sheet 51 of 55 

Appl. No. 10/073,000; Filed: Feb 12, 2002 
Dkt No. 1689.0260000; Group Unit: 2636 
Inventors: SHANKS et al. 
Tel. No.: 202-371-2600 

For: Method, System and Apparatus for Communicating 
With a RFID Tag Population 



51/55 



4100 



4102 



T 



V- 



v+ 



FIG.41A 




4 



Vqtj v++M 

4 4 



FIG.41B 



Replacement Sheet 
Sheet 52 of 55 

Appl. No. 10/073,000; Filed: Feb 12, 2002 
Dkt No. 1689.0260000; Group Unit: 2636 
Inventors: SHANKS et al. 
Tel. No.: 202-371-2600 

For: Method, System and Apparatus for Communicating 
With a RFID Tag Population 



52/55 




CD 



Replacement Sheet 
Sheet 53 of 55 

Appl. No. 10/073,000; Filed: Feb 12, 2002 
DktNo. 1689.0260000; Group Unit: 2636 
Inventors: SHANKS et al. 
Tel. No.: 202-371-2600 

For: Method, System and Apparatus for Communicating 
With a RFID Tag Population 



53/55 



3003 




FIG.43A 



4302 

V 

""H — 7 

4214 

FIG.43B 



Replacement Sheet 
Sheet 54 of 5 5 

Appl. No. 10/073,000; Filed: Feb 12, 2002 
DktNo. 1689.0260000; Group Unit: 2636 
Inventors: SHANKS et al. 
Tel. No.: 202-371-2600 

For: Method, System and Apparatus for Communicating 
With a RFID Tag Population 

54/55 




Replacement Sheet 
Sheet 55 of 55 

Appl. No. 10/073,000; Filed: Feb 12, 2002 
Dkt No. 1689.0260000; Group Unit: 2636 
Inventors: SHANKS et al. 
Tel. No.: 202-371-2600 

For: Method, System and Apparatus for Communicating 
With a RFID Tag Population 



55/55 



e> 

1 

o 
on 



o 



3 



O 



o 



O 
O 
ro 



L. 



CNJ 

o 




